core ideas
• A project-based learning approach involves public expression of meaningful topics.
• A middle school science class with a scientist-teacher partnership used this method.
• Students expressed more positive science attitudes and confidence than peers.
• Analysis of public letters on an energy project found complex argument construction.
• This approach may increase science engagement in science policy issues.
T he scientific community recognizes that global environmental challenges of the 21st century exceed those of any other time in modern history, given the influence of a period that ecologists have termed the anthropocene (Crutzen, 2002) . Some of those global challenges involve the increase of water pollution, food insecurity for global citizens (Foley et al., 2011) , exploitation of soil resources (Montgomery, 2007; Admundsen et al., 2015) , unsustainable use of water resources (Jamarillo and Destouni, 2015) , and climate change threatening the livelihood of future generations (Hansen et al., 2013) . Other experts recognize that critical planetary boundaries, such as the integrity of the biosphere through preventing more biodiversity loss, may already have been surpassed (Steffen et al., 2015) . Although scientific understanding and consensus is increasing on many of these issues, policy and public behavioral change happens at a slower place. Research, however, has demonstrated that climate change education highlighting local climate impacts is a critical approach for inspiring public support (Lee et al., 2015) and that presenting issues in a local frame has a positive impact on behavioral intentions (Wiest et al., 2015) .
GK-12 Background
One promising program that addressed critical science, technology, engineering, and mathematics (STEM) issues in higher education and K-12 classrooms was the Graduate STEM Fellows in K-12 in Education (GK-12) program. The GK-12 program originally launched in 1999, with universities and school districts across the nation partnering to pair graduate student scientists (fellows) with classroom teachers. These partnerships often followed one of two implementation models (Mitchell et al., 2003) . The "exposition model" gave fellows opportunities to briefly present to K-12 students and teachers, whereas the "classroom immersion model" paired fellows with K-12 teachers throughout a school year to teach in the classroom. The majority of GK-12 programs, including the study at hand, used the classroom immersion model. Following a presidential call for more substantive STEM foci in K-12 schools to address global environmental challenges (The White House, 2009 ), Iowa State University was awarded National Science Foundation (NSF) GK-12 funding to focus on biorenewables and critical challenges in STEM.
Research on the GK-12 program showed encouraging benefits. Most research examined the impact of the programs on fellows and teachers. The experience of teaching science was shown to improve fellows' abilities in their own scientific research (Feldon et al., 2011) , capacities to communicate science topics (Mitchell et al., 2003) , and confidence in teaching and engaging students (Page et al., 2011) . Teachers also benefitted from having a fellow in their classroom. The GK-12 program helped improve university and school partnerships and contribute to pedagogical and content knowledge of teachers (Mitchell et al., 2003; Stamp and O'Brien, 2005) . Limited studies focusing on K-12 students with a GK-12 fellow have shown that the experience provided positive STEM models for K-12 students and enriched students' content learning (Mitchell et al., 2003) . Fellows often designed lessons that were more authentic to their fields and engaging to students than teachers may have otherwise (Moskal et al., 2007) . Consequently, having a GK-12 fellow in the classroom helped students better understand the jobs of STEM practitioners, potentially increasing their interest in future STEM careers (Fralick et al., 2009 ).
Project-Based Learning in Science
The Next Generation Science Standards (NGSS, 2012) are beginning to be implemented in many states, with an aim to introduce and expand K-12 curricula around some of the aforementioned 21st century environmental challenges and to increase scientific literacy for an educated society (NGSS, 2012) . Further, the NGSS notes that a major difference in its conceptual framework is an explicit emphasis on science education as is it practiced in the real world (NGSS, 2013) . This shift has the potential to be particularly impactful, as it is known that K-12 students are generally eager to learn about and develop opinions on the broader planet (Jaus, 1982; Kinder et al., 2015) . Although this offers great promise for students in states where NGSS are adopted, pedagogical strategies to introduce scientific concepts to students in a concrete manner remain important to develop a scientifically literate and politically engaged future electorate.
One strategy to engage K-12 students with scientific concepts is Project-Based Learning (PBL), which is a pedagogical approach with roots in constructivism (Dewey, 1938; Krajcik et al., 1994) . In PBL, students explore authentic, meaningful topics relevant to their lives and create artifacts that let them demonstrate their learning in a public way to serve as a record of their scientific engagement (Krajcik and Czerniak, 2014) . Ill-defined issues, themes, or problems serve as the core inquiry of PBL. Teachers act as facilitators who help guide students to understand the issues and connect their learning to the content, whereas students collaborate with peers and adults to access information, investigate data, analyze the issues from multiple perspectives, and generate a product that attempts to investigate, scrutinize, and solve the problem (Harada et al., 2015) .
Results of implementing PBL in science classrooms are promising; PBL has been shown to have a positive effect on students' science interests, critical thinking, science achievement, and collaborative skills (Neo and Neo, 2009) . A recent randomized control trial in 42 6th grade classrooms found PBL-based curricula help students outperform those in traditional curriculum models on mastery of the NGSS standards (Harris et al., 2015) . The authors saw the need for further studies that "focus on students applying disciplinary knowledge and making connections to crosscutting concepts as they engage in science and engineering practices, including in the context of project-based science" (Harris et al., 2015 (Harris et al., , p. 1381 .
The purpose of this study was to evaluate the efficacy of a PBL approach used with middle school students to teach environmental science topics, through the unique curricula developed in a classroom with a GK-12 teacher-fellow partnership. To assess efficacy of the PBL approach, we analyzed survey results that addressed science attitudes, engagement, and confidence. We also analyzed a subset of publicly submitted letters regarding a proposed pipeline project in Iowa to evaluate recall of scientific themes and argument complexity.
MatEriaLS aNd MEthodS

GK-12 context
The present GK-12 program was a partnership between Iowa State University, an urban public school district, and the NSF (Award no. DGE-1007911). In this GK-12 program, a doctoral-level graduate student (fellow) was paired for the entirety of the school year with one particular science teacher as the "resident scientist" in the classroom. The fellows in this program were from a variety of disciplines, ranging from agronomy to electrical and computer engineering. To be considered for a fellow position, they completed an application essay and application form, submitted recommendation letters, and interviewed with GK-12 project leaders. Prior to the school year, GK-12 fellows received approximately 50 hours of professional development workshops in pedagogy, classroom technology, and communication strategies to students. These were followed by an intensive workshop for the fellows and their partner teachers.
context of the Science curriculum
Throughout the school year, the fellows worked with the classroom teachers to design lessons and pedagogical practices and teach one full day per school week for the duration of the school year. Within this school district's schedule, the fellows taught four different class sections ranging from 20 to 30 students per section. The middle school participating in this study followed the International Baccalaureate (IB) curriculum, which "aims to develop inquiring, knowledgeable and caring young people" who are "active, compassionate and lifelong learners" (IBO, 2014a, Mission Statement). The school's curriculum followed the district's science standards, which were aligned with state science standards and not based directly on the NGSS. Three fellows were placed in 7th grade classrooms in schools following the IB curriculum and one other GK-12 fellow taught in a 7th grade classroom at a school that did not follow the IB curriculum. One of these fellows implemented the PBL approach within the IB curriculum, and her projects are described next and are the focus of this research.
During the school year, multiple activities were implemented to engage students not only with the school district's curriculum but also with the various pedagogical strategies outlined by the IB guidelines, including global contexts and approaches to learning (Table 1) . Global contexts were meant to help students address questions such as "why do people care about this topic" while providing students with a "common language for powerful contextual learning, identifying specific settings, events or circumstances that provide more concrete perspectives for teaching and learning" (IBO, 2014b, p. 58) . The IB approaches to learning develop skills that help students "learn how to learn" and encompass both general and discipline-specific tools (IBO, 2014b, p. 20) , such as critical-thinking and communication. Through the various approaches to learning and global context foci, topics related to environmental science and agronomy were introduced in the classroom; this included lessons on plant biology, soil science, climate science, and ecology (Table 1) . Thus, the framework of the IB curriculum allowed for a strongly aligned integration of PBL approaches to science education in the classroom.
The middle school science students in this study also were instructed by a cohort of four teachers in content areas of science, math, literacy, and global studies. The IB curriculum created opportunities for the fellow and teacher partners to creatively collaborate with other teachers and stakeholders. As a result, several projects were put together, in partnership with the seventh grade literacy teacher, which gave students the opportunity to synthesize learning from prior lessons related to environmental science topics. Two of the collaborative projects are highlighted in the following sections and are meant to illustrate how activities were created that featured local topics of civic interest with a PBL approach.
Environmental Science Project 1: Water Pollution in iowa
In fall 2014, the fellow and teacher partners created a unit on water issues. Lessons included a waterquality testing activity at a local lake, media analysis of international water challenges, and watershed model building to trace pollutant movement and landscape management as an intervention (Table 1 ). The culminating activity in this unit was a "round table", during which students researched and role-played one of several stakeholders involved in the public dialogues on water pollution in the state of Iowa. Water pollution is a newsworthy and critical issue in Iowa, as states bordering the Mississippi River were required to create plans for reducing water pollution given the hypoxic zone in the Gulf of Mexico (USEPA, 2013). Further, the Iowa Department of Natural Resources categorized more than 700 water bodies as impaired in the state (IDNR, 2015) . Stakeholders included the local water utility, concerned citizens, farmers, government representatives, non-governmental agency representatives and scientists. Prior to the roundtables, a representative from each of the various stakeholder groups was invited to the school to speak to students and answer questions given their unique perspective on the topic of water pollution in Iowa. Through collaboration with the literacy teacher, all students constructed persuasive essays from their stakeholder's perspective on water pollution. A final assembly included speeches and questions from approximately 30 seventh grade students and was 
Environmental Science Project 2: crude oil Pipeline development
In spring 2015, a multi-class activity was developed for students to explore the proposed Dakota Access Pipeline project. If approved, the pipeline would transport crude oil from North Dakota to Illinois and transect the state of Iowa. Students received a series of documents, which were created by the teacher and fellow. The documents highlighted the environmental impacts of oil development, potential negative consequences for water and soil quality, job creation data, energy security information, and oil transport safety facts. In assigned groups of three to four, students reviewed the materials and role-played the regulatory body tasked with approving or rejecting the permit for the pipeline. This project's culminating activity involved group presentations to discuss students' decisions and how the data they had available informed it. Because the topic was still ongoing in the state, the regulatory agency overseeing the pipeline permit was accepting public comment letters. Through partnership with the literacy teacher, students concurrently created letters to the agency and submitted them. In total, approximately 100 letters from these students were filed in the public record from the middle school. Finally, a former member of the regulatory board visited the classroom to discuss views of the ongoing project and to answer student questions related to their research.
Student demographic information
A total of 421 students taught by four GK-12 fellows were included in this study (see Table 2 for a full list of available demographics). The PBL group included 92 7th grade students from the four PBL-based science classes. All classes in the PBL group were taught by one teacher-fellow partnership. For those who provided racial/ ethnic demographic information, 7 students were African American, 50 were Caucasian, 6 were Hispanic, and the remaining (n = 16) were Asian, American Indian, or biracial. Of the 90 students who provided gender identification, 43 were female and 47 were male.
The full comparison group included 329 7th grade students taught by the three other teacher-fellow partnerships. Among those who provided demographic information, there were 44 African American students, 70 Caucasian, 70 Hispanic, and the remaining (n = 93) were Asian, American Indian, or biracial. Of the 304 students who provided gender identification, 146 were female and 158 were male. Due to the school contexts, the comparison group had a higher rate of non-Caucasian students than the PBL group.
From the full comparison group, another comparison group (IB curriculum sub-group) was extracted for further analyses. This group included only students (n = 238) who were in IB curriculum schools (from two of the three other GK-12 fellows). Using available data from this group, 42 students were African American, 43 were Caucasian, 32 were Hispanic, and the remaining (n = 72) were Asian, American Indian, or biracial. The available data showed 102 female and 113 male students in the IB curriculum sub-group.
Middle School Surveys
Students received paper surveys at the end of the year (May). The 48 survey items were generally Likerttype rating responses related to students' interest and confidence in STEM topics, ratings of learning experiences, and engagement in science activities. The results of this study compared the mean scores of this PBL-based course (PBL group; n = 92) to two other groups of students also a part of the GK-12 program: (1) The full cohort of 7th grade students (n = 329, "full comparison group" in Tables 2 and 3) and (2) The subset of the first group for students whose schools also followed the IB curriculum (n = 238, "IB curriculum sub-group" in Tables 2 and 3 ). An independent-samples t test measured differences between the two groups on the items relevant to science attitudes, engagement, and confidence. Analyses were run at the 95% significance level.
Pipeline case Study document analysis
A subsample of the letters (n = 65) submitted publicly to the government office overseeing the pipeline permit was analyzed. The goal of this analysis was to determine the depth of the students' understanding of scientific topics, to evaluate which themes most frequently occurred (given Native American 10 5 5 4 † From the full comparison group of 7th grade students, 238 were students in schools with the IB curriculum (labeled IB curriculum sub-group). Because their data are a subset of the full comparison data, they are not added in the total column. ‡ Some student demographic data were missing from surveys, so the total n does not match the total number of available demographic sub-data as reported.
that many of the topics in the documents were those that were previously covered in the science curriculum), and to evaluate different indicators of argument complexity. To determine how students made sense of complex scientific issues, two members of the research team performed a document analysis of the student letters. Ten of the letters (15.4%) were independently open-coded and codes that emerged were discussed. Following a comparison and discussion of the independent analyses, a coding rubric for subsequent letter analysis was developed. Ten more letters (15.4%) were openly coded to compare once again. Although the coding was very similar, with only a few minor differences, the rubric was modified for clarity and content to ensure reliable coding as the researchers independently coded the remaining sample. Each researcher then coded half of the remaining letters (n = 45) using the developed rubric. The final coding rubric analyzed students' depth of understanding through argument themes (number of occurrences) and counter arguments presented, inclusion of data, and citation of parallel incidents. We define 0.001 † The full comparison group is the full set of Grade 7 students in the GK-12 program compared with the PBL course students. ‡ The IB curriculum sub-group is only students from the full comparison group who were involved in schools with a similar IB curriculum (2 schools, 2 fellow-teacher partners) and are compared with the PBL course students. § These items were rated on a 4-point scale. The remaining items were 5-point scales.
parallel incidences as those in which a student is able to cite a similar incident in their argument (e.g., if a student argues that oil spills are a potential hazard, they cite a real example of when an oil spill occurred). Finally, a Pearson Chi-Square Test for association examined whether there were significant differences between students' stance (accept/reject pipeline) and how they constructed their arguments (addressed opposing viewpoints, cited facts or data, and cited parallel incidences).
rESuLtS
The results of the study are presented below. First, survey analysis results are reported, which compare the students in the PBL classrooms (PBL group) with those in other 7th grade GK-12 classrooms (full comparison group), and a subset of those students who also follow the IB curriculum (IB curriculum sub-group). Next, results of the analysis of students' letters are shared.
Survey analysis results
Analyses compared the PBL group with the full comparison group and IB curriculum sub-group on a number of items related to science attitudes, engagement, and confidence. About 90 students in the PBL group responded to each survey item and approximately 320 students in the full comparison group did the same. The PBL group was found to have significantly greater levels of attitudes, engagement, and confidence in science relative to the full comparison group and the IB curriculum sub-group (see Table 3 for means and significance levels of the findings).
Science attitudes
Findings indicated the PBL group's attitudes toward science were significantly more positive than the full comparison group. Significant differences came in response to the 5-point scale items of science enjoyment. The PBL group significantly enjoyed learning the material in their science class more (m difference = 0.60) and generally liked science more (m difference = 0.67). (Note that when parenthetical mean differences are presented as positive, the PBL group mean was greater.) The PBL group also thought that science was significantly more fun (m difference = 0.55). When analyses compared the PBL group to only the 7th grade students with an IB curriculum (IB curriculum sub-group), the difference in attitude between the PBL group and the IB curriculum sub-group was even greater (since the means of the latter group were lower than those of the full comparison group).
Science Engagement
Next, results showed that students in the PBL group believed their science engagement was significantly higher than those in the full comparison group. The PBL group rated significantly higher that their teacher used a variety of classroom activities and resources (m difference = 0.46) and that their teacher encouraged them to answer questions (m difference = 0.40). This indicates that the PBL group felt their fellow provided more learning opportunities and allowed them to engage more in scientific inquiry. Further, the PBL group answered the item "I like when the teacher gives me the answers" significantly lower than their 7th grade peers (m difference = -0.94). This suggests that the PBL group was more eager to answer questions on their own and to think independently, and did not want to receive answers directly from the teacher as much as those in the full comparison group. When comparing engagement of the PBL group to the IB curriculum sub-group, the PBL group was still significantly greater. Notable is that the PBL group was significantly less likely than the IB curriculum subgroup to want their teachers to give them the answers (m difference = -1.00).
Science confidence
Relative to the full comparison group, the PBL students expressed significantly greater confidence in science as a field and confidence in their abilities to do science. First, students in the PBL group felt more confident that science can help solve world problems (m difference = 0.40). They were also more apt to feel successful if they pursued a career in science (m difference = 0.51). Additionally, on 4-point scale items, the PBL group felt more confident in their own abilities in general science and earth science (m difference = 0.43, 0.44, respectively). When comparing confidence of the PBL group to the IB curriculum sub-group, the means of the PBL group remained significantly greater on all items.
analysis of Public Letters Filed related to the Pipeline Project
Sixty-five of the letters filed publicly with the pipeline regulatory agency were coded for relevant themes and the presence of data supporting students' arguments. Seventyeight percent (n = 51) of these letters suggested that the agency reject the pipeline permit, while the remaining 22% (n = 14) suggested that it be approved. Among the 78% of student letters suggesting that the pipeline project be rejected, students explicitly cited an average of 4.8 justifications for the decision. The most commonly cited arguments against the approval of the pipeline related to environmental impacts. The letters frequently discussed oil spills (92.2% of these letters), impacts to crop production potential (72.5%), water pollution (60.8%), wildlife safety (56.9%), soil impacts (31.4%), and climate change (19.6%). Concerns related to eminent domain use (37%) and were also included in the letters. See Table 4 for the full list of themes by student stance (approve/reject), including examples of student writing. Of the 51 student letters who rejected the pipeline, 24 were able to cite a parallel incident as an example; 33 cited facts or data, and 15 addressed the opposing viewpoint (e.g., "I know some people think it should be rejected, but…").
Among the 22% of student letters suggesting that the pipeline project be approved, students cited an average of 4.1 justifications. Most of the arguments in support of the pipeline related to economics. The most frequently cited themes included job creation (92.9%), economic benefit (78.6%), farmer compensation plans (71.4%), safer transportation (57.1%), and energy independence (21.4%). Of the 14 student letters who approved the pipeline, none were able to cite a parallel incident as an example; six (42.8%) cited facts or data, and eight (57.1%) addressed the opposing viewpoint.
We then analyzed if students constructed their arguments significantly differently according to the number of occurrences of ideas within their paper. Overall, about 60% (n = 39) of the letters cited specific data from the documents provided to students in class. About 37% (n = 24, all from the pipeline rejecting letters) cited parallel 19.6 "Global leaders want to sign a deal limiting Greenhouse Gasses; to do this we would have to take wide steps to limit carbon dioxide. With the pipeline in more than 80% of coal reserves, 50% of gas reserves, and one third of oil would need to stay in the ground."
Hurts land value 7 13.7 "It would take land away from farmers and lose its value" incidents related to similar pipeline failures, and about 35% (n = 23) addressed the opposing viewpoints related to acceptance or rejection of the project. A Pearson Chi-Square Test revealed no significant differences between the accept and reject groups with regard to the number of opposing viewpoints they cited (χ[1] = 3.70, p = 0.055) or the number of cited facts or data they used in their arguments (χ[1] = 2.19, p = 0.139). There was a significant difference found in the number of parallel incidences cited in the papers between the two groups (χ[1] = 7.39, p = 0.000) because the students who took the stance to accept the pipeline did not cite any parallel incidences in their arguments; 14 students (27.5% of them) who argued to reject the pipeline did. Generally, students constructed their arguments in a statistically similar way, with one major difference: those who wanted the pipeline rejected were significantly more likely to formulate an argument that pulled in a real example supporting their claim.
Indicators of argument complexity
diScuSSioN
The classroom analyzed in this research utilized a PBL approach (Table 1) , and employed a hybrid of activities encompassing aspects of public engagement (i.e., public letters on oil pipeline), outdoor activities (e.g., native grasses planting, water quality testing at local lake), experimental design and data collection (e.g., science fair preparation and experiments), as well as computerbased learning modules (e.g., PEWI platform; Chennault et al., 2016) . The results of this study demonstrate that the PBL approach stimulated middle school students' attitudes about, confidence in, and engagement with local environmental science issues.
It was promising that the PBL group was significantly less likely to want answers given to them directly by their teacher, indicating the PBL process of self-directed inquiry might have allowed them to value independent learning. It should be noted that all of the students in this survey participated in GK-12 teacher-fellow partnerships and, thus, were already involved in a unique program designed to increase engagement with science. They were likely receiving inquiry-based science instruction that was well planned and executed by a fellow with the assistance of a licensed teacher. However, these greater differences from the PBL group suggests that the PBL approach was successful at increasing student interest and engagement in scientific topics, even beyond the GK-12 programming. Not only did the PBL students enjoy the course and subject more, but they also appeared to become more independent and confident learners.
Findings from the student letter analysis showed that the majority of students (60%) cited evidence in their letter arguments, reflecting their ability to utilize scientific evidence in construction of a complex, persuasive argument. The NGSS (2012) require students to cite evidence supporting their explanations, such as the Earth and Human Activity Standard MS-LS2-4: "Construct an argument supported by empirical evidence that changes to physical or biological components of an ecosystem affect populations." The National Science Teachers Association (NSTA, 2004 ) also recommended that teachers help students "learn how to draw conclusions and think critically and logically to create explanations based on their evidence [and] communicate and defend their results to peers and others." Students in this study appeared to do this, regardless of the stance (approve/reject) they chose, although those who wanted the pipeline rejected were more able to cite real examples to support their arguments.
In these student letters, a strong percentage of students cited opposing viewpoints in their letters, suggesting that many saw the relationship between the interconnected economic, social, and environmental issues surrounding the pipeline project. Although documents provided to students included information on soil quality, fossil fuel energy use, and climate change were discussed in several class lessons previous to the pipeline activity, a smaller percentage of students associated these topics with their persuasive arguments. A greater percentage of students chose to highlight impacts related to water pollution and crop production, topics also addressed previously in science class.
The importance of climate change and soil science as global 21st century challenges necessitate further discussion on integrating these topics into K-12 education, and elements of a PBL approach might offer insight into how this might be accomplished. Through analysis of surveys from science teachers grades 5 to 12 on their challenges with climate change curriculum, White et al. (2014) proposed that more tailored climate change resources be developed that are region-and topic-specific to increase 7th to 12th grade students' exposure to climate change. Further, although there is a recent resurgence in soil as a topic of interest in science classrooms (United Nations Food and Agriculture Organization, 2015), it may still be relatively new to students in this setting. Given the global importance of soil management and conservation in the 21st century (Admundsen et al., 2015) and to stimulate declining and aging workforce in the field (Collins, 2008) , other practitioners have developed specific soil science education interventions.
Similar to our classroom, Moebius-Clune et al. (2011) found that a soil science curriculum at the high school level implemented with similar attributes to a PBL-approach, emphasizing data collection and the scientific research process, significantly increased content knowledge and student excitement for soils topics. Soil science curricula at the undergraduate level that involve attributes of a PBL approach including experimental design, data collection, and local framing have also been shown to stimulate student confidence and problem-solving abilities (Krzic et al., 2015; Strivelli et al., 2011) . Integrating topics such as soil science and climate change successfully into classrooms may be more effective when curricula are specifically tailored to student interests and needs, as was found to be successful in the PBL approach presented in this research study.
Education practitioners have similarly found that the use of such innovative classroom interventions lead to changes in attitudes among K-12 students. For example, Klisch et al. (2012) found that an innovative online science game for 6th through 8th grade students significantly increased knowledge gained and led to a shift in attitude on toxic chemicals. Kinder et al. (2015) reported heightened senses of stewardship in 4th graders following completion of an outdoor watershed course. A survey that included 580 K-12 students found that outdoor activities in natural environments, when integrated into the classroom, also increased students' inclinations toward stewardship and led to a desire to improve household environmental practices (Ballantyne and Packer, 2002) . Further, an analysis of interviews with youth education practitioners across the United States concluded that action-based environmental education (a participatory educational approach that aligns with PBL) is a preliminary step in a feedback loop that includes positive environmental and social change, as well as long-term democratic participation (Schusler et al., 2009 ). Overall, this study provides support for the efficacy of a PBL approach; a pedagogical strategy that integrates local environmental issues may not only increase students' science attitudes, engagement, and confidence, but may allow students to construct meaningful arguments, synthesized from classroom learning, as they engage in political discourse.
coNcLuSioN
In this study, a GK-12 fellow employed PBL in a classroom to engage middle school students with critical issues in science. Although the GK-12 program has been phased out, the findings gleaned from the PBL approach to environmental education are still relevant and applicable to other middle school classrooms working to implement the NGSS. Results found positive effects on students' science attitudes, engagement, and confidence, even compared with other 7th grade students in both the GK-12 program and other IB curriculum schools. The unique PBL approach, developed by licensed teachers and the fellow, presented an opportunity for students to explore relevant local environmental science themes and meaningfully express their evidence-informed perspectives. The PBL approach demonstrated efficacy in this middle school classroom that may serve as a model to stimulate science engagement ultimately with an opportunity to foster a more scientifically literate public on important environmental issues.
acKNoWLEdGMENtS
